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HYDRAULIC PRESSURE ACTUATOR AND 
CONTINUOUS MANUAL ATHLETIC DEVICE 

USING THE SAME 

TECHNICAL FIELD 

The present invention relates to a ?uid pressure actuator 
driven by the feed/discharge of a ?uid such as the air and a 
continuous passive motion (hereinafter abbreviated as CPM) 
device. 

BACKGROUND ART 

As a ?uid pressure actuator, there has been knoWn the one 
obtained by covering the outer periphery of a rubber tube 
(inner tube) With a mesh-like covering material (mesh 
sleeve) made of a resin Without expanding/contracting prop 
erty. The diameter of the mesh sleeve increases When the 
inner tube is expanded by feeding the air into the inner tube 
of the ?uid pressure actuator. An increase in the diameter of 
the mesh sleeve is converted into a decrease in the length of 
the actuator since the material of the mesh sleeve has no 
expanding/ contracting property. A contracting force (driving 
force) is obtained accompanying the decrease in the length 
of the actuator. 

The ?uid pressure actuator constituted chie?y by the 
elements of the mesh sleeve made of a resin and the inner 
tube made of rubber has a feature in that it is much lighter 
than the air cylinder equipped With a metallic cylinder and 
a rod. It is, therefore, expected that the ?uid pressure 
actuator can be applied in a Wide ?eld of technology Where 
the above-mentioned feature is required. 
As the use of the ?uid pressure actuator, there can be 

exempli?ed an arti?cial muscle or rehabilitation equipment 
for physically handicapped persons. Among them, the reha 
bilitation equipment for the physically handicapped persons 
may be the ones for the joints of the upper and loWer limbs 
that have Withered after the therapy for extended periods of 
time. 

The conventional rehabilitation equipment for the joints, 
for example, the rehabilitation equipment disclosed in, for 
example, JP-A-2000-05l297 is using an actuator such as a 
motor. HoWever, since the motor is incorporated as a drive 
source in the equipment, the rehabilitation equipment 
becomes bulky and heavy. This involves a problem from 
such a standpoint that the handicapped person must carry 
and operate the rehabilitation equipment. It has, therefore, 
been desired to apply an air pressure actuator to the reha 
bilitation equipment for the physically handicapped persons. 
As a result of experiment conducted by the present 

inventors, hoWever, it Was learned that When the above 
conventional ?uid pressure actuator is repetitively expanded 
and contracted, for example, several hundreds of times, the 
inner tube expanded by the ?uid (air) that is supplied partly 
sWells through the mesh of the mesh sleeve often causing the 
inner tube to be damaged. Further, When the above ?uid 
pressure actuator is repetitively used, the inner tube is often 
damaged or the mesh-like ?ber of the mesh sleeve is broken. 
US. Pat. No. 4,733,603 (hereinafter referred to as prior 

art document 1) and JP-A-6 1 -236905 (hereinafter referred to 
as prior art document 2) are disclosing technical ideas for 
preventing the breakage of the ?uid pressure actuator and for 
elongating the service life thereof. In order to decrease the 
friction betWeen the inner tube and the mesh sleeve in the 
?uid pressure actuator, the prior art literature 1 discloses an 
art for forming a mesh sleeve by burying a mesh-like 
covering material in a layer of a soft material having 
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2 
expanding property and by providing a perforated friction 
loWering layer betWeen the inner tube and the laminar mesh 
sleeve. The above prior document discloses that the friction 
loWering layer decreases the resistance at the time of expan 
sion produced by the friction betWeen the tube and the 
laminar mesh sleeve. 

According to the ?uid pressure actuator disclosed in the 
above prior document, hoWever, the mesh sleeve must be 
produced by burying the mesh-like material in the layer of 
the soft material and, besides, the inner tube must be covered 
With a perforated friction-loWering layer leaving problems 
that must be solved, such as complex structure and increased 
cost. 
The prior art document 2 is disclosing the art in Which the 

mesh sleeve is covered With a rubbery elastic covering 
member Which is introduced into gaps of mesh of the mesh 
sleeve. 
According to the art disclosed in the above prior art 

document 2, hoWever, a parting agent is simply applied 
betWeen the mesh sleeve constituted as described above and 
the inner tube. It is therefore presumed that the inner tube is 
broken Within short periods of time due to the friction 
betWeen the inner tube and the mesh sleeve leaving a 
problem that must be solved, i.e., extend the service life of 
the ?uid pressure actuator. 

It is a ?rst object of the present invention to provide a ?uid 
pressure actuator Which is simple in the structure and has a 
long operation life. 

It is a second object of the present invention to provide a 
CPM device using the ?uid pressure actuator of the present 
invention, i.e., to provide a CPM device for rehabilitation for 
the physically handicapped persons suffering from acquired 
disorder in the limbs or in some of the limbs. 

DISCLOSURE OF THE INVENTION 

In order to achieve the above ?rst object, the ?uid 
pressure actuator of the present invention comprises an inner 
tube that expands and contracts as the ?uid is fed and 
discharged, a mesh sleeve covering the outer periphery of 
the inner tube, and a loW friction member obtained by so 
knitting ?ne ?bers as to possess expanding and contracting 
properties betWeen the inner tube and the mesh sleeve, the 
loW friction member being so arranged as to cover the inner 
tube. 
The loW friction member has a feature in that the coef 

?cient of friction thereof for the mesh sleeve is smaller than 
the coe?icient of friction thereof for the inner tube. 

Desirably, the friction member is obtained in a cylindrical 
form Without seam by knitting a synthetic ?ber of a com 
bination of a polyurethane core ?ber and a nylon ?ber so as 
to exhibit expanding/contracting property. 

It is desired that the synthetic ?ber has a thickness of 
about 40 deniers. 

In order to achieve the above second object, the invention 
is concerned With a CPM device comprising a base member, 
a turning member coupled to the base member so as to be 
turned and is turned relative to the base member to effect the 
joint motion of the human body that is mounted or sup 
ported, and a ?rst joint motion mechanism provided on the 
base member, the ?rst joint motion mechanism including an 
actuator for feeding the poWer to the turning member, 
Wherein the actuator is a ?uid pressure actuator comprising 
an inner tube that expands and contracts as the ?uid is fed 
and discharged, a mesh sleeve covering the outer periphery 
of the inner tube, and a loW friction member obtained by so 
knitting ?ne ?bers as to possess expanding/contracting prop 
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erties between the inner tube and the mesh sleeve, the loW 
friction member being so arranged as to cover the inner tube. 

The actuators are provided in a plural number to recip 
rocally move the turning member Within a predetermined 
angular range relative to the base member, and the air is fed 
to, or discharged from, the actuators depending upon the 
direction of turn of the turning member. 

The functions of the CPM device of the present invention 
can be diversi?ed by providing the turning member With an 
additional joint motion mechanism Which effects a simple or 
a composite joint motion to a portion moved by the turning 
member and to a portion beyond thereof. 

The additional joint motion mechanism includes, being 
provided on the turning member, a second joint motion 
mechanism that effects the joint motion betWeen the portion 
moved by the turning member and the portion beyond 
thereof, a third joint motion mechanism for turning the 
portion moved by the turning member and the portion 
beyond thereof inWard and outWard simultaneously, and a 
fourth joint motion mechanism provided betWeen the base 
member and the turning member to effect the joint motion of 
the root portion of the portion supported by the turning 
member, the joint motion mechanisms being incorporated in 
the CPM device selectively or in a composite manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vieW illustrating the structure of a ?rst 
embodiment of a ?uid pressure actuator of the invention 
Which is in a state of being fed With the air; 

FIG. 2 is a vieW of the ?uid pressure actuator of FIG. 1 
in a discharged state; 

FIG. 3 is a vieW illustrating a portion of a mesh sleeve on 
an enlarged scale; 

FIG. 4 is a vieW illustrating the structure of a second 
embodiment of the ?uid pressure actuator of the invention 
Which is in a state of being fed With the air; 

FIG. 5 is a vieW illustrating the appearance of an inner 
tube of the ?uid pressure actuator shoWn in FIG. 4; 

FIG. 6 is a transverse sectional vieW of the inner tube of 
FIG. 5 in the discharged state; 

FIG. 7 is a transverse sectional vieW of the inner tube of 
FIG. 5 in a state of being expanded; 

FIG. 8 is a transverse sectional vieW of the inner tube 
according to another embodiment in the discharged state; 

FIG. 9 is a vieW of appearance of the Whole constitution 
of a CPM device of the invention; 

FIG. 10 is a plan vieW of a ?rst embodiment of the CPM 
device of the invention; 

FIG. 11 is a side vieW illustrating the loWer side of FIG. 
10; 

FIG. 12 is a side vieW illustrating the upper side of FIG. 
10; 

FIG. 13 is a plan vieW of a second embodiment of the 
CPM device of the invention; 

FIG. 14 is a vieW illustrating a state Where a holding 
member of the CPM device of FIG. 13 is turned; 

FIG. 15 is a vieW illustrating the structure of a mechanism 
for sWinging the holding member; 

FIG. 16 is a vieW illustrating the operation for sWinging 
the holding member; 

FIG. 17 is a front vieW illustrating a third embodiment of 
the CPM device of the invention; 

FIG. 18 is a vieW illustrating the operation of an air 
actuator shoWn in FIG. 17; 
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4 
FIG. 19 is a vieW illustrating the structure of a major 

portion of a fourth embodiment of the CPM device of the 
invention; 

FIG. 20 is a plan vieW of FIG. 19; 
FIG. 21 is a vieW illustrating the left side of FIG. 20; and 
FIG. 22 is a vieW illustrating the right side of FIG. 20. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

An embodiment of a ?uid pressure actuator Which is a 
speci?ed invention Will noW be described With reference to 
the draWings. 

FIG. 1 is a side vieW of an air pressure actuator using the 
air as a ?uid in an expanded state according to an embodi 
ment 1 of the invention, and FIG. 2 is a side vieW of the air 
pressure actuator of FIG. 1 in a contracted state. In FIG. 1, 
the mesh sleeve and the loW friction member are shoWn 
being partly broken aWay to illustrate the internal structure 
of the air pressure actuator. 

In FIGS. 1 and 2, a feed/discharge pipe 2 is connected to 
an end in the lengthWise direction of the of the inner tube 1 
Which is an expanding/contracting member to feed the air 
Which is a ?uid into, or discharge it from, the inner tube 1. 
The other end of the inner tube 1 is air-tightly closed by 
inserting a bush (not shoWn) therein. The inner tube 1 is 
constituted by using an elastic material such as butyl rubber 
or the like. An air feeding/discharging device (not shoWn) 
constituted by a small air compressor and an electromag 
netic valve is connected to the feed/discharge pipe 2. 
The outer periphery of the inner tube 1 is covered With a 

mesh sleeve 3 Which is a mesh-like covering member. The 
mesh sleeve 3 is obtained by knitting Wire members (?la 
ments) of a highly tensile ?ber such as nylon or polyester 
?ber that stretches very little despite a load is exerted, and 
its mesh has been so knitted as to cross from the tWo 
directions maintaining a predetermined angle in the length 
Wise direction of the mesh sleeve 3. Upon receipt of a 
pressure from the inner periphery, the mesh sleeve is formed 
to obtain a feature Which expands in the direction of diam 
eter to shorten its length. When the pressure is released, the 
diameter and the length return to the initial state. 

According to the mesh sleeve disclosed in the above prior 
art document 1, the ?laments are ?xed at the crossing points. 
In the mesh sleeve of this embodiment, hoWever, the ?la 
ments are crossing Without being ?xed at the crossing points, 
making a difference. The mesh sleeve disclosed in the prior 
art document is likely to be broken due to stress produced by 
every motion at the crossing points of the ?laments. In the 
mesh sleeve of the embodiment, hoWever, the ?laments are 
not ?xed at the crossing points, and there is no problem in 
that the mesh sleeve breaks starting from the crossing points 
of the ?laments due to the stress. HoWever, this invention is 
not to exclude the mesh sleeve in Which the ?laments are 
?xed at the crossing points as disclosed in the prior art 
document 1. 

Both ends of the mesh sleeve 3 in the lengthWise direction 
are fastened by fastening ?ttings 4a and 4b, and are ?xed to 
both ends of the inner tube 1. 

BetWeen the inner tube 1 and the mesh sleeve 3, there is 
provided a loW friction member 5 having a coe?icient of 
friction Which is smaller to the mesh sleeve 1 than to the 
inner tube 1. The loW friction member 5 is so arranged as to 
cover the Whole inner tube 1, and is fastened together With 
the mesh sleeve 3 to the inner tube 1 at both ends of the inner 
tube 1 by the fastening ?ttings 4a and 4b. When contracted, 
the loW friction member 5 forms a cylindrical body having 
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a circumferential length nearly equal to the outer diameter of 
the inner tube 1 When it is contracted. As a material of the 
loW friction member 5, there can be used an expansible/ 
contractible cloth used for, for example, stockings. Such a 
cloth has been constituted to be expansible and contractible 
by knitting a synthetic ?ber of, for example, a combination 
of a polyurethane core ?ber and a nylon ?ber, and exhibits 
a coef?cient of friction to the mesh sleeve obtained by 
knitting the resin ?lament smaller than a coe?icient of 
friction to the inner tube made of a butyl rubber or a silicone 
rubber. It is desired that the loW friction member 5 is 
produced as a cylindrical body by knitting ?ne ?bers in a 
circumferential direction Without a seam, just like the ?ber 
that is being used, relying upon the knoWn technology for 
knitting the stockings. 

In this air pressure actuator, the inner tube 1 expands upon 
feeding the air into the inner tube. HoWever, the material 
(Which is not almost expansive) of the mesh sleeve 3 is not 
expanded, and an increase in the diameter of the inner tube 
1 is converted into a decrease in the overall length. Upon 
discharging the air from the inner tube 1, further, the 
diameter of the inner tube 1 decreases and the overall length 
of the actuator returns back. 
OWing to the provision of the loW friction member 5 

betWeen the inner tube 1 and the mesh sleeve 3, there occurs 
no direct friction betWeen the inner tube 1 and the mesh 
sleeve 3 despite of expansion and contraction, preventing 
the inner tube 1 from rupturing after a small number of 
repetitive operations and preventing the ?ber of the mesh 
sleeve 3 from being broken. Therefore, there is provided the 
air pressure actuator having durability against the repetitive 
operation or, in other Words, having a long life. 

FIG. 3 is a vieW illustrating a portion of the mesh sleeve 
3 on an enlarged scale. The mesh sleeve 3 is constituted by 
knitting a bundle of a plurality of polyethylene ?laments 6 
like a mesh. The mesh sleeve 3 assumes a ?ne mesh 
structure upon suf?ciently increasing the number of the 
polyethylene ?laments 6, i.e., upon suf?ciently increasing 
the density of arrangement. This prevents the inner tube 1 
from partly sWelling through the mesh of the mesh sleeve 3 
When it is expanded by feeding the air, and the inner tube 1 
possesses increased durability. 

In order to make sure the problems inherent in the prior 
art, the present inventors have tested the durability concem 
ing a case the mesh sleeve has a rough mesh structure and 
a case it has a ?ne mesh structure. In the durability testing, 
there Were used a mesh sleeve having 144 polyethylene 
?laments as a ?rst sample of rough mesh and a mesh sleeve 
having 288 polyethylene ?laments as a second sample of 
?ne mesh. The tWo samples Were knitted by the same 
method, and Were designed to possess a diameter of about 15 
mm in the initial state Where no air Was fed to the inner tubes 
and to possess a diameter Which could be expanded up to 30 
mm by the internal pressure after the air Was fed. As the 
mesh sleeve for testing, further, there Was used a variable 
diameter mesh sleeve that has been used for protecting and 
binding the electric Wires. In this testing, there Was used no 
loW friction member. 
As a result, the ?rst sample exhibited a pressure resistance 

of 0.3 MPa, a contraction factor of the length of 25% and a 
permissible expansion/contraction of 200 to 300 times When 
the load Was repetitively applied. The second sample, on the 
other hand, exhibited a pressure resistance of 0.7 MPa, a 
contraction factor of the length of 30% and a permissible 
expansion/contraction of 7,000 to 20,000 times When the 
load Was repetitively applied. If the results of test are 
described in further detail, the ?rst sample permitted an 
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6 
increase in the siZe of the mesh near both ends of the inner 
tube With an increase in the number of times of expansion 
and contraction, developing a phenomenon in that the inner 
tube has sWollen through the mesh When expanded. On the 
other hand, the second sample exhibited no change in the 
siZe of the mesh over the Whole mesh sleeve in the length 
Wise direction thereof and exhibited uniform expansion and 
contraction even after used repetitively. 

It Was learned from the above testing that if the mesh of 
the mesh sleeve is coarsened, the contraction factor of the 
actuator can be increased despite of a small air pressure fed 
into the inner tube permitting, hoWever, the inner tube sWells 
through the mesh of the mesh sleeve, causing the mesh 
sleeve to be damaged accounting for a shortened life of the 
actuator. 

Next, to make sure the effect of the invention, a com 
parative testing Was conducted concerning the durability by 
using a second sample same as the sample described above 
and a third sample incorporating the loW friction member 5 
in the second sample 2. As the loW friction member for 
testing, there Was used a portion of a stocking placed in the 
market (?ber siZe, 40 deniers). 
As a result, the second sample exhibited a pressure 

resistance of 0.7 MPa, a contraction factor of the length of 
30% and a permissible expansion/contraction of 70,00 to 
20,000 times When the load Was repetitively applied as 
described above, While the third sample exhibited a pressure 
resistance of 0.7 MPa, a contraction factor of the length of 
30% and a permissible expansion/contraction of 80,000 to 
400,000 times When the load Was repetitively applied. From 
the above comparative testing, too, it is con?rmed that the 
durability of the actuator is improved upon incorporating the 
loW friction member therein. 
When the air is fed into the actuator in the above embodi 

ment, the inner tube expands in the direction of diameter, 
producing a tensile stress in the circumferential direction of 
the inner tube. Therefore, the inner tube sWells through the 
mesh of the mesh sleeve. In the air pressure actuator of the 
second embodiment, no tensile stress is produced in the 
circumferential direction of the inner tube When the actuator 
is operated. 

FIG. 4 is a side vieW of the air pressure actuator according 
to the embodiment 2 of the invention, FIG. 5 is a perspective 
vieW of the inner tube shoWn in FIG. 4, FIG. 6 is a transverse 
sectional vieW of the inner tube of FIG. 5, and FIG. 7 is a 
transverse sectional vieW of the inner tube of FIG. 5 in the 
expanded state. In FIG. 4, the mesh sleeve is shoWn being 
partly broken aWay to illustrate the inner structure of the 
actuator. 

In the draWings, the inner tube 11 Which is an expanding/ 
contracting member is so constituted that the sectional area 
of the region surrounded by the tube increases While main 
taining the same surface area in a step Where it is shifted 
from the contracted state to the expanded state. That is, the 
inner tube 11 is provided With a plurality of ridge-like 
portions 11a that protrude inWard at the time of contraction 
With an equal distance in the circumferential direction of the 
tube. When the inner tube 11 expands, the ridge-like portions 
11a are expanded as shoWn in FIG. 7 and the sectional area 
increases in the area surrounded by the inner tube 11. 
The inner tube 11 is constituted by using an elastic 

material having expanding/contracting properties, such as 
butyl rubber or silicone rubber like in the embodiment 
shoWn in FIG. 1. The outer circumference of the inner tube 
11 is covered With the mesh sleeve 3 Which is a mesh-like 
covering member. The mesh sleeve 3 is constituted in the 
same manner as in the embodiment l. 
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In this embodiment, the circumferential length of the 
inner tube 11 in cross section (circumferential length in FIG. 
7) When it has expanded is not greater than 2.2 times of the 
circumferential length of the inner tube 11 in cross section 
(circumferential length of a circle circumscribing the cross 
section of FIG. 6). 

Next, described beloW is the operation of the embodiment 
2. When the air is fed into the inner tube 11, the sectional 
area increases in the region surrounded by the inner tube 11 
causing no change in the surface area of the inner tube 11. 
That is, in the inner tube 11 of the embodiment 2, the 
sectional shape of the tube so varies that the sectional area 
surrounded by the inner tube 11 increases While maintaining 
the same the circumferential length in cross section. As the 
inner tube 11 expands as described above, the overall length 
of the actuator is shortened to produce a driving force across 
both ends of the actuator. To put this embodiment into 
practice, a relationship betWeen the mesh sleeve 3 and the 
inner tube 11 may be so set that the actuator contracts by a 
predetermined length When the ridges of the inner tube 11 
are all expanded as shoWn in FIG. 7 such that the inner tube 
11 becomes a circle in cross section. 

Upon discharging the air from the inner tube 11, the 
actuator Whose overall length is shortened permits the inner 
tube 1 to return back to the sectional shape shoWn in FIG. 
6, i.e., to resume the initial length. 
The air pressure actuator of the embodiment 2 enables the 

tube to expand Without utiliZing the elasticity of the inner 
tube 11 or, in other Words, Without producing the tensile 
stress in the circumferential direction of the tube. Therefore, 
the inner tube 11 does not sWell through the mesh of the 
mesh sleeve 3. Therefore, there is a decreased probability in 
that the inner tube 11 is scarred and the scar spreads 
accompanying the expansion. Besides, no tensile stress acts 
on the inner tube 11 at the time of expansion. Therefore, 
even When the tensile stress repetitively acts upon the inner 
tube, plastic deformation does not occur in the inner tube 
and properties of the inner tube 11 can be stably maintained. 
Therefore, the inner tube 11 exhibits increased durability 
and the life of the actuator is lengthened. 

According to the embodiment 2, further, the inner tube 
expands by an amount of the air that is fed and, hence, the 
actuator produces the force of nearly linear characteristics. 
Besides, since there is no plastic deformation in the inner 
tube, the hysteresis loss decreases making it possible to 
improve precision for controlling the expansion and con 
traction of the actuator. 

In the above second embodiment 2, the supply of the air 
Was so controlled as to maintain the surface area of the inner 
tube 11 the same. HoWever, if it is Within a range of elastic 
deformation of the material of the inner tube 11, the air may 
be fed to such a level that the surface area of the inner tube 
11 increases to some extent beyond the state of FIG. 7. In 
this case, too, no tensile force is produced in the inner tube 
11 in most of the portions of the inner tube 11 in the step of 
expansion, and the durability of the inner tube 11 can be 
enhanced. 

Further, the structure of the inner tube 11 may be such that 
the ridge-like portions expand from the initial stage of 
expansion While permitting the surface area of the inner tube 
11 to increase. In this case, too, the amount of elastic 
deformation of the inner tube 11 is smaller than When there 
is provided no ridge-like portions, enabling the inner tube 11 
to exhibit improved durability. 

In the embodiment 2, the mesh sleeve 3 Was arranged to 
surround the periphery of the inner tube 11. Here, a loW 
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8 
friction member 5 like that of the embodiment 1 may be 
provided betWeen the inner tube 11 and the mesh sleeve 3. 

Next, described beloW is an air pressure actuator accord 
ing to a third embodiment of the present invention. FIG. 8 
is a transverse sectional vieW of When the inner tube of the 
embodiment 3 of the invention is contracted. As shoWn in 
FIG. 8, When contracted, the inner tube 12 is folded in cross 
section. When this inner tube 12 is used, too, the transverse 
sectional area of the region surrounded by the inner tube can 
be increased Without varying the surface area of the inner 
tube at the time When it is expanded. Therefore, the embodi 
ment 3, too, makes it possible to improve the durability of 
the inner tube 12, to lengthen the life of the actuator and to 
improve the precision for controlling the expansion and 
contraction. 
Though the actuator using the air pressure Was described 

above as the air pressure actuator of the invention, it should 
be noted that the present invention is in no Way limited 
thereto only. For example, the ?uid fed to the expansible/ 
contractible member is not limited to the air but may be a 
variety of gases or liquids depending upon the use. 

Further, the embodiments l to 3 have dealt With a slender 
tubular actuator only. HoWever, the invention can be further 
applied to a variety of ?uid pressure actuators varying the 
shape of the expanding/ contracting member. 
The transverse sectional shapes of the inner tubes of the 

embodiments 2 and 3 When contracted are not limited to 
those shoWn in FIGS. 5 and 8 only but may further be the 
one in Which the ridges are formed in a star-like shape. 

Further, the ?uid pressure actuator of the present inven 
tion can be used as an actuator for driving a Worn-type robot 
Which a man Wears, i.e., can be used as an arti?cial muscle. 
The actuator can be further used for driving industrial robots 
and construction machinery. Further, the actuator can be 
used for driving a rehabilitation equipment for a physically 
handicapped person Who has disorder on his joint. Namely, 
the ?uid pressure actuator of the invention can be used for 
equipment in a Wide ?eld of applications. 

According to the present invention as described above, a 
loW friction member is provided betWeen an expanding/ 
contracting member and the covering member, the loW 
friction member having a coe?icient of friction Which is 
smaller for the covering member than for the expanding/ 
contracting member, enabling the actuator to exhibit 
improved durability, i.e., extended life When used repeti 
tively. 
The invention further uses the expanding/ contracting 

member that expands so that the area increases in the region 
that is surrounded While maintaining the surface area con 
stant in at least part of a step Where the contracted state is 
shifted to the expanded state. Therefore, the actuator exhib 
its increased durability, i.e., long life When used repetitively. 

Next, described beloW is a CPM device related to the 
present invention. FIG. 9 is a vieW schematically illustrating 
the constitution of the CPM device having the ?uid pressure 
actuator as a constituent element. In FIG. 9, reference 
numeral 20 denotes a main CPM device, 80 denotes a 
control device of the box type, and 90 denotes an air hose 
connected betWeen the main CPM device 20 and the control 
device 80. Though FIG. 9 illustrates only one hose, a bundle 
of a plurality of air hoses are connected from the electro 
magnetic valve in the control unit to the air actuators of 
various types. Though not shoWn, the control device 80 
includes, in the box, an air compressor, an electromagnetic 
valve, a central control unit (CPU) and a circuit for electri 
cally connecting them, as Well as an external poWer source 
plug for feeding electric poWer to them. The compressor is 
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for producing the compressed air, the electromagnetic valve 
is for feeding and discharging the air to, and from, the 
actuator, and the CPU is for controlling the operation of the 
CPM device, Wherein a ROM in the CPU is storing a 
plurality of operation sequences for the CPM device. The 
control device 80 of the control box type is provided With an 
operation panel 81. The electromagnetic valve may be 
provided near each actuator. By providing the electromag 
netic valve near the actuator, it is alloWed to improve the 
e?iciency for feeding the air to the actuator and to improve 
the e?iciency for discharging the air from the actuator. 
When the CPM device is constituted as shoWn in FIG. 9, 

the above-mentioned ?uid pressure air actuator is incorpo 
rated in the main CPM device as a drive actuator, and a 
heavy component such as the air compressor is provided 
being separated aWay from the main CPM device, enabling 
the main CPM device to be easily transited and operated. 

Next, a ?rst embodiment of the CPM device 20 Will be 
described With reference to FIGS. 10 to 12. 

FIG. 10 is a plan vieW of the CPM for performing the 
bending/stretching motion of an elboW, FIG. 11 is a loWer 
plan vieW of the CPM device shoWn in FIG. 10 and 
illustrates a state Where the elboW is bent, and FIG. 11 is an 
upper plan vieW of the CPM shoWn in FIG. 10 and illustrates 
a state Where the elboW is stretched. 

In FIG. 10, reference numeral 21 denotes a base plate 
serving as a base for the CPM device. A rotary support 
portion 22 is provided on the upper surface of the base plate 
21. The rotary support portion 22 includes a rotary support 
member 22a disposed on the upper surface of the base plate 
21, and a set of rotary support portions 22b, 220 provided at 
an upper and loWer portions of the rotary support member 
22a at the right end in the draWing. The rotary support 
portions 22b, 220 are provided With rotary shafts 23a, 23b in 
parallel With the Y-axis in FIG. 1. A forearm support plate 24 
for supporting the forearm of a man is rotatably coupled by 
the shafts 23a, 23b to the rotary support portions 22b, 220. 
The elboW of the human body is placed midWay betWeen the 
set of rotary support portions 22b and 220, and the forearm 
is supported by the forearm support plate 24. The rotary 
support member 22a has nearly the same Width as the base 
plate 21, i.e., thick at both ends in the direction of Width, thin 
at the central portion, and is holloW in the inside to also Work 
as a cover for covering the base plate 21. The forearm 
support plate 24 is alloWed to turn betWeen a horiZontal state 
shoWn in FIG. 12 and a state of being erected at about 1200 
shoWn in FIG. 11. 
The forearm support plate 24 has an upper surface Which 

is nearly ?at, has a back surface Which is nearly a plate-like 
member of a shape that runs along the upper surface of the 
rotary support member 2211, and has coupling members 24a, 
24b at the right end in the draWing so as to be coupled to the 
rotary shafts 23a, 23b attached to the rotary support portions 
22b, 220. The forearm support plate 24 is provided With a 
holding member 25 for loosely holding the palm portion, 
and a recessed portion 240 is formed in a portion of the 
forearm support plate 24 in order to prevent a portion 
beyond the elboW from coming in contact With the edge of 
the forearm support plate 24. When the CPM device is to be 
used, the user places his elboW near the rotary support 
portion and stretches the forearm on the forearm support 
plate 24. Here, the holding member 25 is disposed at such a 
position that the palm is loosely held by the holding member 
25. 

The support plate 24 is coupled to the rotary shafts 23a, 
23b of the rotary support portions 22b, 220 via coupling 
members 24a, 24b. The rotary shafts 23a, 23b are rotatably 
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10 
supported by the rotary support portions 22b, 22c relying 
upon the support structures at both ends. Pulleys 26a, 26b 
are ?xed to the rotary shafts 23a, 23b, and Wires 27a, 27b are 
Wound on the pulleys 26a, 26b. The Wires 27a, 27b are ?xed 
at the ends on one side thereof to the pulleys 26a, 26b. The 
diameter of the grooves of the pulleys 26a, 26b on Which the 
Wires are Wound can be determined by taking into consid 
eration the moment for turning the forearm support plate 23 
(product of the Weight of the forearm support plate and the 
distance from the center of turn to the center of 
gravity<product of the contracting force of the actuator and 
the diameter of the groove). Further, the amount of Winding 
the Wires 27a, 27b on the pulleys 26a, 26b can be deter 
mined by taking into consideration the turning angle of the 
forearm support plate 24. 
BetWeen an end of one Wire 2711 of the tWo Wires and the 

base plate 21 or the rotary support member 2211 (desirably, 
betWeen an end of the one Wire 2711 and the rotary support 
member 2211), there is provided a tubular air actuator 28a as 
the ?uid pressure actuator (air pressure actuator) for pro 
ducing the driving force to turn the forearm support plate 24 
by about 1200 from the horiZontal state. Further, betWeen an 
end of the other Wire 27b of the Wires 27 and the base plate 
21 or the rotary support member 22a (desirably, betWeen an 
end of the other Wire 27b and the rotary support member 
2211), there is provided a tubular air actuator 28b as the ?uid 
pressure actuator (air pressure actuator) for producing the 
driving force to return the forearm support plate 24 from the 
state Where it has been turned by 1200 back to the horizontal 
state. 

If described in further detail, the one end of the tubular air 
actuator 28a is connected to the one end of the Wire 27a, and 
the other end of the Wire 27a is introduced into the pulley 
26a and is ?xed to the pulley 2611 as shoWn in FIG. 10. 
Further, the one end of the tubular air actuator 28b, too, is 
connected to the one end of the Wire 27b, and the other end 
of the Wire 27b is introduced into the pulley 26b and is ?xed 
to the pulley 26b as shoWn in FIG. 11. 

Here, hoWever, the tubular actuator 28b is for returning 
the forearm support plate 24 back from the state shoWn in 
FIG. 11. Therefore, a mechanism is necessary for turning the 
forearm support plate 24 in a direction opposite to the turn 
of the pulley 26b When the tubular actuator 28b has oper 
ated. Though simply illustrated in FIG. 12, the reversely 
operating mechanism 29 is constituted as described beloW if 
described in detail. That is, the pulley 26b is rotatably 
attached to the rotary shaft 23b, and a bevel gear A is ?xed 
to the pulley 26b in concentric thereWith. TWo small bevel 
gears B are arranged to be in mesh With the bevel gearA With 
the rotary shaft 23b held therebetWeen. Further, a bevel gear 
C is arranged to be in mesh With the tWo bevel gears B, the 
bevel gears B being ?xed to the rotary shaft 23b. With the 
reversely operating mechanism 29 being constituted as 
described above, the force transmitted from the Wire 27b to 
the pulley 26b is further transmitted from the bevel gear A 
to the bevel gear C via the bevel gears B. Here, the bevel 
gear A and the bevel gear C rotate in the opposite directions. 
Therefore, if the tubular actuator 28b is operated, the fore 
arm support plate 24 is tumed toWard the horizontal direc 
tion from the state shoWn in FIG. 11. The above reversely 
operating mechanism 29 is for rendering the direction in 
Which the Wire 27b is introduced into the pulley 26b to be 
the same as the direction in Which the Wire 27a is introduced 
into the pulley 2611. It is possible to simplify the reversely 
operating mechanism by introducing the Wire 27b into the 
pulley 26b from a direction opposite to the above direction 
by separately providing an auxiliary pulley. 
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The above tubular air actuators 28a, 28b are the air 
pressure actuators of the type shown in FIGS. 1 and 4 as 
described in the speci?ed invention. The tubular actuators 
28a, 28b may be of the same speci?cations or of different 
speci?cations. When they are of different speci?cations, the 
actuator 28a should be the one having a strong contracting 
force to erect the forearm support plate 24 from the hori 
Zontal state, and the actuator 28b should be the one having 
a Weak contracting force to return the forearm support 24 
back to the horiZontal state. 

The air is fed from an air feeding/discharging device (not 
shoWn) comprising, for example, an air compressor and an 
electromagnetic valve into the inner tube of the actuator 
through the air tube (not shoWn) connected to the one end of 
the tubular actuator 2811, so that the length of the tubular 
actuator 28a is shortened. When the contracting force pro 
duced by the tubular air actuator 28a is transmitted to the 
Wire 27a, the pulley 26a rotates, and the forearm support 
plate 24 rotates in a direction of being erected shoWn in FIG. 
10 from the horiZontal state of FIG. 9. The air is discharged 
from the tubular air actuator 28a and, at the same time, the 
air is fed from an air feeding/ discharging device (not shoWn) 
comprising, for example, an air compressor and an electro 
magnetic valve into the inner tube of the actuator through the 
air tube (not shoWn) connected to the one end of the tubular 
actuator 28b, so that the length of the tubular actuator 28b 
is shortened. When the contracting force produced by the 
tubular air actuator 28b is transmitted to the Wire 27b, the 
pulley 26b rotates and, at the same time, the reversely 
operating mechanism 29 operates, causing the forearm sup 
port plate 24 to be rotated toWard the horizontal direction. 
The forearm support plate 24 is reciprocally operated by the 
alternate contracting operations of the tubular actuators 28a 
and 28b in the lengthWise direction. Thus, the elboW bend 
ing/stretching operation is effected. The rotational speed of 
the forearm support plate 24 can be arbitrarily varied by 
adjusting the amount of the air fed to, or discharged from, 
the tubular actuators 28a, 28b per a unit time by controlling 
the opening of the electromagnetic valve depending upon 
the degree of disorder or the degree of recovery of the 
handicapped person. 

Next, described beloW is a second embodiment of the 
CPM device of the present invention. FIG. 13 is a plan vieW 
of the CPM device of the second embodiment in Which a 
Wrist bending/stretching mechanism is incorporated in the 
CPM device of the ?rst embodiment of the invention shoWn 
in FIG. 10, and FIG. 14 is a plan vieW illustrating a state 
Where the Wrist bending operation is effected in the CPM 
device of the second embodiment. The forearm support plate 
24 is provided With a disk-like turntable 31. The turntable 31 
is mounted on the forearm support plate 24 so as to be turned 
about an axis in parallel With the X-axis of FIG. 13, i.e., so 
as to be turned about an axis that meets at right angles With 
the upper surface of the forearm support plate 24. The 
holding member 25 is mounted on the turntable 31. There 
fore, the holding member 25 turns together With the tum 
table 31. 
A ?rst air cylinder 32 is disposed on the back side of the 

forearm support plate 24 to turn the turntable 31. An end of 
a rod (plunger) 32a of the ?rst air cylinder 32 is coupled to 
an end of an arm (not shoWn) coupled to the rotary shaft of 
the turntable 31 at a position of a predetermined distance 
from the center of turn of the turntable 31 and, besides, an 
end of the cylinder body of the ?rst air cylinder 32 is coupled 
to the forearm support plate 24. Apoint Where the end of rod 
of the ?rst air cylinder 32 is connected to the rotary table 31 
can be determined depending upon the angle by Which the 
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12 
turntable 31 has turned (reciprocally operated) and the 
stroke of the rod. The member for connecting the turntable 
31 to the ?rst air cylinder 32 may be a disk-like member 
instead of the above-mentioned arm Which is not shoWn. 

In the thus constituted mechanism for operating the 
holding member 25, the air is fed and discharged by a source 
of feeding the air comprising the air compressor and the 
electromagnetic valve through a hose connected to the ?rst 
air cylinder 32, and the holding member 25 is turned by the 
turn of the turntable 31 as shoWn in FIG. 14. It is therefore 
made possible to effect the motion for stretching the Wrist 
held by the holding member 25. 

Next, described beloW is a third embodiment of the CPM 
device of the present invention. This embodiment is the one 
in Which a forearm tWisting motion mechanism is added to 
the CPM device of the ?rst and second embodiments. FIG. 
15 is a vieW illustrating the forearm tWisting motion mecha 
nism incorporated in the CPM device of the embodiment 
shoWn in FIG. 10 or 13, and is a vieW ofthe left side of FIG. 
10 or 13. In FIG. 15, the interior of the holding member 25 
is formed holloW, a second air cylinder 33 and a third air 
cylinder 34 are arranged in the holloW portion, and the main 
portions of the air cylinders are ?xed thereto. A ?rst link 35 
and a second link 36 are rotatably connected to the rods 
(plungers) 33a and 34a of the air cylinders 33 and 34, and 
the ends on the other side of the ?rst link 35 and the second 
link 36 are rotatably connected to a connection ?tting 37 
provided on the forearm support plate 24 or the turntable 31. 
Though not shoWn, air hoses for feeding the air are con 
nected to the second cylinder 33 and to the third cylinder 34, 
the air hoses running along the holloW portion of the holding 
member 25, extending from the central portion of the 
holding member 25 to the back surface of the forearm 
support plate 24, and being bundled together With other air 
hoses. 

In the thus constituted forearm tWisting motion mecha 
nism, the air is exclusively fed to the second cylinder 33 and 
to the third cylinder 34 from the source of feeding the air 
comprising the air compressor and the electromagnetic 
valve, causing the holding member 25 to sWing With the 
connection ?tting 37 as a center. When the air is fed, for 
example, to the ?rst cylinder 33 as shoWn in FIG. 15, the rod 
33a of the second cylinder 33 protrudes. Despite the rod 33a 
of the second cylinder 33 has protruded, no air is fed to the 
third cylinder 34. Therefore, no change occurs in the coupled 
state of the third cylinder 33 and the second link 36, and the 
holding member 25 is pushed by the main body of the 
second cylinder 33 by an amount the rod 33a of the second 
cylinder 33 has extended. Namely, the holding member 25 
sWings and tilts as shoWn in FIG. 16. When the air is fed to 
the third cylinder 34 after the holding member 25 has sWung 
as shoWn in FIG. 16, the holding member 25 sWings in a 
direction (direction of a tWo-dotted chain line in the draW 
ing) opposite to the above operation. Therefore, the rota 
tional force is transmitted in reciprocal direction to the palm 
held by the holding member 25. The forearm, therefore, is 
tWisted turning outWard and inWard. The sWinging speed 
and the sWinging angle of the holding member 25 can be 
adjusted by controlling the opening of the electromagnetic 
valve. That is, the opening of the electromagnetic valve is 
increased to increase the sWinging speed of the holding 
member 25, and the opening of the electromagnetic valve is 
decreased to loWer the sWinging speed. Further, the sWing 
ing angle of the holding member 25 can be adjusted by 
controlling the amount of feeding the air to the cylinder or 
controlling the opening time of the electromagnetic valve. 








